Asirvatham-Jeyaraj N, King AJ, Northcott CA, Madan S, Fink GD. Cyclooxygenase-1 inhibition attenuates angiotensin IIsalt hypertension and neurogenic pressor activity in the rat. Am J Physiol Heart Circ Physiol 305: H1462-H1470, 2013. First published September 6, 2013 doi:10.1152/ajpheart.00245.2013.-Cyclooxygenase (COX)-derived prostanoids contribute to angiotensin II (ANG II) hypertension (HTN). However, the specific mechanisms by which prostanoids act are unclear. ANG II-induced HTN is caused partly by increased sympathetic nervous system activity, especially in a setting of high dietary salt intake. This study tested the hypothesis that COX-derived prostanoids cause ANG II-salt sympathoexcitation and HTN. Experiments were conducted in conscious rats. Infusion of ANG II (150 ng·kg Ϫ1 ·min Ϫ1 sc) caused a marked HTN in rats on 2% salt diet, but a much smaller increase in blood pressure in rats on 0.4% salt diet. The nonselective COX inhibitor ketoprofen (2 mg/kg sc) given throughout the ANG-II infusion period attenuated HTN development in rats on 2% NaCl diet, but not in rats on 0.4% NaCl diet. The acute depressor response to ganglion blockade was used to assess neurogenic pressor activity in rats on 2% NaCl diet. Ketoprofentreated rats showed a smaller fall in arterial pressure in response to ganglion blockade during ANG-II infusion than did nontreated controls. In additional experiments, ketoprofen-treated rats exhibited smaller increases in plasma norepinephrine levels and whole body norepinephrine spillover than we previously reported in ANG II-salt HTN. Finally, the effects of the selective COX-1 inhibitor SC560 (10 mg·kg Ϫ1 ·day Ϫ1 ip) and the selective COX-2 inhibitor nimesulide (10 mg·kg Ϫ1 ·day Ϫ1 ip) were investigated. Treatment with SC560 but not nimesulide significantly reduced blood pressure and the depressor response to ganglion blockade in ANG II-salt HTN rats. The results suggest that COX-1 products are critical for sympathoexcitation and the full development of ANG II-salt HTN in rats.
A 2 acts on cell membrane phospholipids to produce arachidonic acid. Arachidonic acid is then converted into the PGs, thromboxanes and leukotrienes (LT)-collectively called the eicosanoids-by the enzymes cyclooxygenase, lipoxygenase, and various other synthases (35) . The cyclooxygenase-derived prostanoids (e.g., PGE 2 , PGF 2␣ , PGD 2 , PGI 2 , thromboxane A 2 ) are generated by either the largely constitutive isoform COX-1 or by the inducible isoform COX-2 (34, 36, 37) . In either case, prostanoids cause both prohypertensive and antihypertensive effects by acting on the kidneys, blood vessels, endocrine organs, and brain.
But are prostanoids involved in ANG-II HTN? This question has been addressed in numerous previous studies through the use of COX-inhibiting drugs (3, 8, 38) and COX knockout mice (3, 31, 43) . However, these efforts produced contradictory conclusions, possibly because the studies employed quite varied treatment regimens, treatment durations, and methods of measuring blood pressure. Furthermore, the relative importance of COX-1 versus COX-2 in ANG-II HTN is disputed (3, 31, 38) .
Sympathoexcitation is an important cause of HTN during ANG-II infusion, particularly in the setting of high dietary salt intake (18, 33) . For example, we previously found significant elevations in plasma norepinephrine (NE) levels and whole body NE spillover (indexes of sympathetic activity) during infusion of ANG II in rats on a high-salt intake (2.0% NaCl diet; ANG II-salt HTN), but not in rats on a normal salt intake (0.4% NaCl diet) (18) . The mechanisms by which ANG II causes sympathoexcitation remain to be fully elucidated. Both older (15, 22) and recent (3) experiments indicate that the SNS is activated by prostanoids in experimental ANG-II HTN and/or that prostanoids are involved in mediating neurogenic HTN. Therefore, in this study we used radiotelemetric methods and standardized ANG-II HTN and ANG II-salt HTN protocols to identify the importance of prostanoids in these two models of HTN. A special emphasis was on determining if prostanoids affect sympathetic control of blood pressure. We also then used pharmacological tools to determine the relative contribution of COX-1 and COX-2 to sympathetic control of blood pressure in ANG II-salt HTN.
METHODS

Animals
Male Sprague-Dawley rats weighing 225 to 250 g were obtained from Charles River Laboratories (Wilmington, MA) and allowed to acclimate for a week before experimentation. They were maintained in light-and temperature-controlled animal rooms and allowed free access to a 0.4% or 2% NaCl diet (Research Diets, New Brunswick, NJ) and distilled water starting 7 days before telemeter or catheter implantation. Animals were maintained on normal (0.4%) or high-salt (2% NaCl) diet until the end of the experiment. All experiments were done in compliance with the National Institutes of Health's laboratory animal care and use guidelines and with Institutional Animal Care and Use Committee approval at Michigan State University.
Surgery
Telemeter implantation and catheterization. Telemeter implantation and postoperative procedures were similar to our previous studies (19) . Briefly, the tip of a radiotelemeter (Data Science International, St. Paul, MN) catheter was introduced into the abdominal aorta just cranial to the aortic bifurcation through the left femoral artery under general anesthesia. The body of the transmitter was placed in a subcutaneous pocket along the caudoventral abdomen. Antimicrobial prophylaxis and postoperative analgesia were as previously described (19) . The freely moving rats were then individually housed in cages placed over a radiotelemetry receiver.
Catheterization and postoperative procedures were performed as previously described (21) . Briefly, rats were chronically instrumented with femoral arterial and venous catheters under isoflurane anesthesia for the measurement of arterial pressure and for blood sampling, respectively. Antimicrobial prophylaxis and postoperative analgesia were as previously described (21) . The rats were then loosely tethered in their home cages to allow undisturbed blood sampling during the experiment.
Hemodynamic measurements. Arterial pressure measurements in telemetered rats were obtained for 10 s every 10 min for the entire experimental period as previously described (19) . In radiotelemeterimplanted rats, continuous 24-h measurements of mean arterial pressure (MAP) and heart rate (HR) were obtained using a commercially available radiotelemetry data acquisition program (Dataquest ART 4.1, Data Sciences International). In catheterized rats, MAP and HR data were obtained by connecting the exteriorized arterial catheter to a pressure transducer, which was attached to a digital pressure monitor (Digit-Med BPA-400; Micro-Med, Louisville, KY), which was then linked to a computerized data acquisition program (DMSI-400; Micro-Med). Blood pressure was recorded for 15-30 min daily in the morning.
NE spillover. The radioisotope dilution technique was used to determine NE clearance and spillover (17) . Briefly, 3 H-NE was infused intravenously at a constant rate for 90 min, at the end of which 1 ml of blood was drawn from the arterial catheter. The blood was centrifuged and plasma was used to determine the levels of catecholamines using reverse-phase high-performance liquid chromatography separation with coulometric detection. After high-performance liquid chromatography, 3 H-NE was quantified using a liquid scintillation analyzer. Total NE clearance and spillover were calculated using established methods (6, 17) .
Protein isolation and Western blot analysis of COX-1 and COX-2 in hypertensive rat tissues. Aorta, cerebral blood vessels, mesenteric artery, and brains were collected from rats (fed a 2% salt diet) infused with ANG II (150 ng·kg Ϫ1 ·min Ϫ1 for 14 days) or saline (vehicle) after anesthesia with pentobarbital sodium (50 mg/kg ip) and were snap frozen on dry ice. Cryostat sections of brain (500 m) were made and paraventricular nucleus, rostral ventrolateral medulla, and subfornical organ were punched using Palkovits microdissection technique. Lysis buffer, containing 0.5 mmol/l Tris·HCl (pH 6.8), 10% SDS, and 10% glycerol, with protease inhibitors, consisting of 0.5 mmol/l PMSF, 10 g/l aprotinin, and 10 g/l leupeptin, was added to the tissue before homogenization. Protein concentrations were measured using bicinchoninic acid protein assay (Sigma, St. Louis, Mo). Tissue samples were run on SDS-PAGE 10% gel with positive and negative controls and transferred to immobilon-P membrane. The membrane was later blocked for 3 h with blocking buffer, consisting of Trisbuffered saline (TBS) with Tween 20, 4% chick egg ovalbumin, and 2.5% sodium azide, and incubated overnight (4°C) with rabbit polyclonal primary antibody anti-COX-1 (70 kDa; lot no. DAM 1412889, Cayman Chemicals, Ann Arbor, MI) or rabbit polyclonal anti-COX-2 (72 kDa; lot no. 0409461-1, Cayman Chemicals) with mouse monoclonal anti-tubulin (55 kDa; lot no. LV1581100, Millipore; Temecula, CA). After being rinsed in TBS-Tween 20 three times and final rinse in TBS, the blots were incubated using secondary antibody for 1 h at 4°C. Blots were visualized after incubating them with enhanced chemiluminescence reagent.
Experimental Protocols
Nonselective COX inhibition in chronic ANG II-salt hypertensive rats. Rats were fed a normal (0.4% NaCl) or high-salt (2% NaCl) diet and had radiotelemeters installed. They were allowed a 5-to 7-day recovery period. After 3 days of baseline blood pressure recordings, saline (vehicle) or the nonselective COX inhibitor ketoprofen (2 mg/kg) was injected subcutaneously once daily for 18 days (from day 4 -21) . After 4 days of COX inhibition or vehicle injection, ANG II (Sigma) or saline was infused at a constant rate of 150 ng·kg Ϫ1 ·min
Ϫ1
sc for 14 days (from days 7-21) using a miniosmotic pump (2ML2, Alzet, Cupertino, CA). The dose of ketoprofen was chosen based on previous reports of using the drug in rats (1, 29) . Arterial pressure and HR were measured daily for the duration of the experiment.
Nonselective COX inhibition and ANG II-salt mediated SNS activation.
To investigate the effect of cyclooxygenase inhibition on SNS activation in ANG II-salt HTN, an additional group of animals was catheterized to allow measurements of whole body NE spillover. Rats acclimatized to 2% NaCl diet for 7 days were instrumented with an arterial and venous catheter. After 5-7 days of recovery and 3 days of recording baseline blood pressure, ANG II (150 ng·kg Ϫ1 ·min Ϫ1 sc) was delivered by miniosmotic pump for 14 days. Ketoprofen (2 mg/kg sc) or vehicle (saline) was administered daily for the entire duration of the experiment. Endogenous plasma NE levels and total body NE spillover and clearance were determined before ANG-II infusion (day 2) and on days 7 and 14 of ANG-II infusion. Ganglionic blockade was achieved with hexamethonium (30 mg/kg ip; Sigma) on day 14 of the experiment (39) . The fall in MAP 15 min later was recorded, and the magnitude was used as an estimate of neurogenic pressor activity. The 15-min time point was chosen based on our experience that after intraperitoneal injection of hexamethonium, the peak fall in MAP generally occurs around 15 min later. In addition, using this time point should minimize the impact on our measurement of the short-lived direct vasodilator effects of hexamethonium and the slower hormonal compensatory responses to the initial fall in MAP.
Selective COX-1 or COX-2 inhibition in chronic ANG II-salt hypertensive rats. Rats implanted with radiotelemeters and fed a high-salt diet were used in this experiment. After a 5-7-day recovery period and 3 days of baseline blood pressure recordings, DMSO (vehicle) or a selective COX-1 inhibitor SC560 (10 mg/kg ip) or a selective COX-2 inhibitor nimesulide (10 mg/kg ip) was injected once daily for the remainder of the study. The doses for COX-1 and COX-2 inhibitor were chosen based on previous reports (13, 40) of the use of this particular dose of 10 mg/kg ip in mimicking the effects of the widely used COX inhibitor aspirin as well as the successful reduction of prostanoid levels in various tissues. After 4 days of COX inhibition or DMSO injection, ANG II or physiological saline infusion was initiated using a miniosmotic pump (2ML2, Alzet). ANG II was infused at the rate of 150 ng·kg Ϫ1 ·min Ϫ1 sc for 14 days. MAP and HR were measured for the entire duration of the experiment. Animals were subjected to ganglionic blockade with hexamethonium 10 days after starting ANG-II administration to assess neurogenic pressor activity as described above.
Statistical Analysis
Changes in MAP and other variables were assessed by one-way repeated-measures ANOVA, followed by post hoc multiple comparisons using Dunnett's procedure (GraphPad Instat 3, La Jolla, CA). Between-group differences were assessed by a two-way mixed-design ANOVA, and post hoc testing at each time point was performed using Bonferroni's procedure to correct for multiple comparisons (GraphPad Prism 4). A P value of Ͻ0.05 was considered statistically significant. All results are presented as means Ϯ SE.
RESULTS
Effect of Nonselective COX Inhibition on Chronic ANG-II HTN in Rats on Normal and High-Salt Diets
The effect of nonselective cyclooxygenase inhibition on chronic ANG-II HTN is displayed in Fig. 1 . In rats fed 0.4% NaCl (Fig. 1A) , ketoprofen treatment had no effect on MAP before or during the ANG-II infusion period. The MAP on days 14, 17, and 21 of the protocol (7, 10 and 14 days post-ANG-II infusion) was compared with control period (day 3) using repeated-measures ANOVA and Dunnett's posttest. The MAP was significantly higher on days 10 and 14 of ANG-II treatment in vehicle-treated 0.4% NaCl-fed (119 Ϯ 6 and 120 Ϯ 12 mmHg, respectively) rats compared with the control baseline period (101 Ϯ 2 mmHg). Similarly, the MAP was significantly higher only on day 14 of ANG-II treatment in ketoprofen-treated 0.4% NaCl-fed (118 Ϯ 6 mmHg) rats compared with the control period (104 Ϯ 1 mmHg). By day 14 of ANG-II infusion in rats fed 0.4% NaCl, MAP increased to a similar extent in control (17 Ϯ 5 mmHg) and ketoprofentreated (14 Ϯ 5 mmHg) rats. In rats fed a 2% salt diet, MAPs in vehicle and ketoprofen groups were not different during the ANG-II preinfusion period, and a comparable increase in MAP was observed in control (22 Ϯ 5 mmHg) and ketoprofentreated (20 Ϯ 5 mmHg) rats during the first few days of ANG-II infusion. However, as seen in Fig. 1B , by day 14 of ANG-II infusion, MAP had increased significantly greater in control rats (36 Ϯ 12 mmHg) compared with ketoprofentreated rats (2 Ϯ 1 mmHg). Figure 2 depicts changes in MAP after ANG-II infusion in vehicle-and ketoprofen-treated rats (ingesting 2.0% NaCl diet) that had chronically implanted arterial catheters. There were no differences in MAP between vehicle-and ketoprofen-treated rats before ANG-II infusion. In the vehicle-treated group, ANG-II infusion increased MAP from 103 Ϯ 2 mmHg during the control period to 142 Ϯ 4 mmHg on day 4 of ANG-II infusion, and thereafter MAP gradually increased to 154 Ϯ 8 mmHg by day 14. Although in ketoprofen-treated rats a similar increase in MAP was observed during the first 4 days of ANG-II infusion, a reduction in MAP was seen from day 5 (122 Ϯ 9 mmHg) through day 14 (113 Ϯ 8 mmHg) of infusion. MAP was significantly lower in the ketoprofen-treated group (compared with the vehicle-treated group) from days 9 -14 of ANG-II infusion. 
Effect of Nonselective COX Inhibition on Chronic ANG II-Salt HTN Measured by Exteriorized Catheter
Effect of Ganglionic Blockade on Pressor Response after Nonselective COX Inhibition in ANG II-Salt HTN
Peak falls in MAP in response to ganglion blockade with hexamethonium in ANG II-salt HTN rats are shown in Fig. 3 . Ganglionic blockade with hexamethonium was performed on day 10 of ANG-II infusion. Hexamethonium treatment produced a marked drop in MAP in ANG II salt-treated rats (Ϫ91 Ϯ 14 mmHg) that was substantially greater than the fall observed in ketoprofen-treated ANG II salt-treated rats (Ϫ63 Ϯ 8 mmHg), but the difference was not significantly different (P ϭ 0.11). Figure 4 , A-C, shows the effect of ketoprofen treatment on plasma NE, NE clearance, and NE spillover, respectively, on day 2 of the pretreatment control period and days 7 and 14 of 2% NaCl-fed and ANG II-infused rats. Plasma NE level during the pretreatment control period was 124 Ϯ 9 pg/ml. On day 7 of ANG-II infusion, it was 152 Ϯ 21 pg/ml and on day 14 was 169 Ϯ 18 pg/ml. The day 14 plasma NE levels were significantly higher than the pretreatment control period (P Ͻ 0.05 vs. control). The NE clearance was 118 Ϯ 4 on pretreatment day 2 and 135 Ϯ 4 and 94 Ϯ 4 ml·min Ϫ1 ·kg Ϫ1 on days 7 and 14 of ANG-II infusion, respectively. Calculated NE spillover was 14 Ϯ 1 on pretreatment control day 2 and 16 Ϯ 2 ng·min Ϫ1 ·kg Ϫ1 on days 7 and 14 of ANG-II infusion, respectively. The day 7, but not the day 14, the value was significantly higher (P Ͻ 0.05) than during the pretreatment control period.
Effect of Nonselective COX Inhibition on NE Clearance, Plasma NE, and Whole Body NE Spillover in ANG II-Salt HTN
COX-1 and COX-2 Expression in ANG II-Salt Hypertensive Rats
Western blot analyses were performed to determine if COX protein expression was increased in tissues from 2% NaCl fed rats on day 14 of ANG-II administration. The data are shown in Fig. 5 . Both COX-1 and COX-2 expression in brain subfornical organ (Fig. 5A ), paraventricular nucleus (Fig. 5B) , rostral ventrolateral medulla (Fig. 5C) , and blood vessels viz., aorta (Fig. 5D), mesenteric artery (Fig. 5E) , and cerebral artery (Fig.   5F ) of hypertensive rats (n ϭ 6) were not significantly different from that found in normotensive control rats (n ϭ 6) (high-salt diet alone). , and NE spillover (C) in rats (n ϭ 10) infused with ANG II and fed a high-salt diet (2% NaCl) compared with vehicle-treated rats (n ϭ 9). *P Ͻ 0.05 vs. control period (C). MAP was not different from that of the vehicle-treated group during the pretreatment period or during treatment with SC560 alone. During ANG-II administration, however, MAP rose to only 117 Ϯ 1 mmHg, and was significantly lower than MAP in the vehicle group on days 6 -14 of ANG-II infusion (Fig. 6) . COX-2 inhibition with nimesulide. Treatment with nimesulide alone did not affect MAP relative to the vehicle (DMSO)-treated control group. Furthermore, ANG-II infusion caused the same magnitude of HTN in vehicle-and nimesulide-treated rats (Fig. 7) .
Effect of Selective COX-1 and COX-2 Inhibition on Chronic
Neurogenic pressor activity. The maximum falls in MAP after ganglionic blockade on day 10 of ANG-II infusion in control rats and in rats subjected to selective COX inhibition are shown in Fig. 8 . In experiments with SC560, ganglion blockade decreased MAP significantly more in vehicle-(39 Ϯ 4 mmHg) versus drug-treated (27 Ϯ 4 mmHg) rats. In experiments using nimesulide, the fall in MAP with ganglion blockade was similar in vehicle-(58 Ϯ 9 mmHg) and drug-treated (62 Ϯ 12 mmHg) animals.
DISCUSSION
In this article our goal was to explore the involvement of COX products in the development of HTN. In the past, result from clinical trials and meta-analysis of randomized trials involving use of nonsteroidal anti-inflammatory drugs (NSAIDs)-targeting the cyclooxygenase enzyme-have led to a general disagreement regarding the effects of COX-inhibiting drugs on blood pressure in human patients. Meta-analyses show a 3-to 5-mmHg blood pressure rise in hypertensive patients who take NSAIDs (16, 30) . Furthermore, NSAID use among patients for inflammatory disease increases the risk of HTN development in men and women (10, 11) . Nevertheless, COX products can affect blood pressure in a wide variety of ways and, based on animal experimentation, very likely have both pro-and antihypertensive actions under some circumstances. The focus of our work was specifically on angiotensin-high salt-induced HTN.
Previous investigators have used both pharmacological and gene knockout approaches to determine if prostanoids play a critical role in ANG II-mediated HTN, but their results have led to conflicting conclusions (3, 31, 43) . Prostanoid products can exert both pro-and antihypertensive effects: thus their net effect on blood pressure will depend on where increased formation occurs and on which specific products are released. Earlier studies showed that dietary salt intake is one factor that influences the contribution of prostanoids to ANG II-dependent HTN (15, 25) . Our initial experiment here confirmed such an influence: we found that COX inhibition with ketoprofen did not prevent ANG-II HTN in rats on a 0.4% NaCl diet, but virtually eliminated ANG-II HTN in rats on a 2.0% NaCl diet.
There are multiple potential explanations for why prostanoids could make a higher contribution to ANG-II HTN under conditions of high-salt diet. However, others and we have shown that high-salt intake amplifies the role of the SNS in ANG-II HTN (18, 28, 33) . Furthermore, we showed that selective removal of the splanchnic sympathetic innervation significantly attenuated chronic ANG II-salt HTN (19) , indicating that splanchnic SNS activity is important for HTN development in this model. Since direct recordings in conscious rats with chronic ANG-II HTN showed an increase in splanchnic SNS activity that was associated with a significant rise in urinary excretion of cyclooxygenase products (22), we hypothesized that COX-derived prostanoids could increase blood pressure in the ANG II-salt model by stimulating SNS activity. This idea was further supported by our findings here that ketoprofen treatment had a more prominent effect on ANG II-salt HTN development during the later days of ANG-II infusion. We have previously reported that neurogenic mechanisms appear to play a greater role in this HTN model after 4 to 5 days of ANG-II infusion (18 -20) . The increase in MAP on days 1-4 appears to be caused by either the direct pressor actions of ANG II or perhaps renal sodium and water retention. We hypothesize that these nonneurogenic mechanisms also account for the mild HTN seen in our rats fed a 0.4% NaCl diet. The relative contribution of different mechanisms causing ANG-II HTN likely depends on both the rate of ANG-II infusion and dietary salt intake (among other factors).
We tested the role of COX products in the neurogenic actions of ANG II in two ways. First, we assessed SNS activity using measurement of whole body NE spillover in ketoprofentreated rats. In an earlier study, we observed a statistically significant 71% increase in whole body NE spillover on days 7 and 14 of ANG-II infusion in rats on a high-salt diet (18) . In the present study, in rats treated with ketoprofen, we observed a much smaller (though statistically significant) increase in whole body NE spillover on day 7 of ANG-II infusion (36% vs. control) and a statistically nonsignificant increase (14% vs. control) on day 14 of ANG-II infusion in high salt-fed rats. We conclude from these results that the global SNS activation caused by ANG-II infusion, as indicated by significant elevation in plasma NE and whole body NE spillover as shown by us (18) , was largely but not completely prevented by nonselective COX inhibition.
We assessed neurogenic pressor activity (the acute contribution of the autonomic nervous system to arterial pressure) to test further whether prostanoid-related SNS activity contributed to ANG II-salt HTN. Vehicle-treated ANG II-salt HTN rats exhibited a marked drop in MAP during ganglionic blockade; ANG II-salt rats treated with ketoprofen showed a substantially smaller drop in pressure, although the difference was not statistically significant. Together, these data indicate that COX products may not be the sole cause of, but at least contribute to, the neurogenically mediated rise in MAP in ANG II-salt HTN rats. The next issue we addressed was whether prostanoids involved in ANG II-salt HTN were derived from the COX-1 or COX-2 isoform of the enzyme. ANG II exerts physiologically significant proinflammatory effects that contribute to numerous cardiovascular diseases (5, 7) . ANG II appears to produce inflammatory responses predominantly in a localized manner in target tissues such as blood vessels (5), kidney (42) , and brain (44) . COX-2 is the isoform most strongly implicated in generating inflammatory prostanoids, so it is logical to assume that it is the key player in ANG II-salt HTN. Some published studies support this conclusion. For example, pretreatment with COX-2 inhibitors like refecoxib and nimesulide attenuated ANG II-HTN in Sprague-Dawley rats (23, 32, 43) . However, other studies indicate that COX-1 is the source of prostanoids involved in ANG-II HTN (2) . In a recent report, Cao and colleagues (3) showed that ANG-II HTN was attenuated in COX-1 Ϫ/Ϫ mice but not COX-2 Ϫ/Ϫ mice. The contradictory reports from various laboratories could be attributed to the differences in animal models used, blood pressure measurement methods like tail-cuff plethysmography versus radiotelemetry, or the mode of drug administration.
Although COX-1 and COX-2 expression have been reported to be increased in other models of ANG-II HTN, in our ANG II-salt HTN model COX protein expression in blood vessels and brain of hypertensive rats was similar to that observed in control rats. This could be because our measurement was made only after HTN was established or because we did not evaluate the key blood vessels or brain regions. Alternatively, our model may involve a change in COX activity, rather than a change in new protein synthesis. This possibility requires further investigation. Nevertheless, the key prostanoids appear to be derived from the COX-1 and not the COX-2 isoform: HTN development was markedly and significantly attenuated by treatment with the COX-1 inhibitor SC560, but not by treatment with the COX-2 inhibitor nimesulide. However, with selective COX-1 inhibition, we did not see as complete an attenuation of HTN as we observed with the nonselective COX inhibitor ketoprofen. This may be due to 1) additional pharmacological actions of ketoprofen or 2) involvement of COX-2 in the development of HTN, although our results with the selective COX-2 inhibition do not support the latter idea. It is further notable that COX-1 inhibition with SC560 significantly reduced neurogenic pressor activity in ANG II-salt HTN rats. This result supports the hypothesis that prostanoids increase arterial pressure in ANG II-salt HTN in part by increasing SNS activity. It should be noted that we observed a smaller fall in MAP after hexamethonium treatment in control rats treated with DMSO as vehicle (as seen in Fig. 8 ) compared with control rats treated with saline as vehicle (as seen in Fig. 3 ). This could be due to differences in the effect of DMSO and saline on sympathetic nerve activity but more likely reflects the distinct experimental conditions at the time of the hexamethonium treatment in the two studies, i.e., tethered rats (with higher MAP and possibly sympathetic activity) in Fig. 3 compared with telemetered rats in Fig. 8 .
In conclusion, this study suggests that in rats fed a high-salt diet, chronic ANG-II infusion stimulates the formation of prostanoids from COX-1 that could activate the SNS and increase arterial pressure. Our data do not allow us to establish where these prostanoids are produced, or where they act, to possibly increase SNS activity or arterial pressure. However, since central injections of prostanoids can increase SNS activity (26) and arterial pressure (14) and a recent study in mice strongly implicated brain COX-1 activity in ANG-II HTN (3), future studies are needed to investigate the role of brain prostanoids derived from COX-1 in ANG II-salt HTN.
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